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缩略词 英文全称 中文全称 
cDNA complementary DNA 互补脱氧核糖核酸 
CHH crustacean hyperglycemic hormone 甲壳动物高血糖激素 
DDW double distilled water 双蒸水 
DNA deoxyribonucleic acid 脱氧核糖核酸 
dNTPs deoxyribonucleoside triphosphate 脱氧核糖核苷三磷酸 
gDNA genomic DNA 基因组 DNA 
GIH gonad-inhibiting hormone 性腺抑制激素 
LG lamina ganglionaris 视神经层 
ME medulla externa 视外髓 
MI medulla interna 视内髓 







MT medulla terminalis 视端髓 
NCBI 
 




N-J neighbor-joining 邻位相接法 
ORF open reading frame 开放阅读框 
PCR  polymerase chain reaction 聚合酶链反应 
PDH pigment dispersing hormone 色素分散激素 
RACE rapid amplification of cDNA ends 快速扩增 cDNA 末端 
RNA ribonucleic acid 核糖核酸 
RPCH red pigment concentrating hormone 红色素聚集激素 
RT reverse transcription 反转录 
XO-SG X-organ-sinus gland X 器官-窦腺复合体 




















MIH)、甲壳动物高血糖激素(Crustacean hyperglycemic hormone, CHH)、性腺抑制
激素 (Gonad-inhibiting hormone, GIH)、大颚器官抑制激素 (Mandubular organ 
inhibiting hormone, MOIH)。由于这一组神经肽的一级结构与CHH许多相同之处，






1)拟穴青蟹蜕皮抑制激素基因(Sp-MIH)的 cDNA 全长 1226 bp，开放阅读框
为 342 bp，编码一个由 113 个氨基酸组成的多肽，其中包括 35 个氨基酸组成的
信号肽和 78 个氨基酸组成的成熟肽。Sp-MIH 基因由 2 个内含子和 3 个外显子组
成。同源性分析表明 Sp-MIH 在结构上较为保守，与其他甲壳动物同源性很高。







发育，表明 MIH 可能参与初级卵黄发生的调控。 
2)拟穴青蟹甲壳动物高血糖激素基因克隆获得两种异构体(Sp-CHH1 和
Sp-CHH2)。Sp-CHH1 的 cDNA 全长 1722 bp，开放阅读框为 426 bp，编码 141
个氨基酸，其中包括 27 个氨基酸组成的信号肽，37 个氨基酸组成的 CHH 前体
相关肽(CPRP)，KR 位点和 75 的氨基酸组成的成熟肽。Sp-CHH2 的 cDNA 全长

















号肽，37 个氨基酸组成的 CHH 前体相关肽(CPRP)，KR 位点和 73 的氨基酸组成
的成熟肽。Sp-CHH1 和 Sp-CHH2 有相同的信号肽和 CPRP，不同之处在于成熟
肽。两个异构体成熟肽前 40 个氨基酸是一致的，在成熟肽第 41 个氨基酸处出现
明显差异。CHH 基因克隆得到 1 个内含子和 2 个外显子，并发现一个微卫星位
点。同源性分析表明 Sp-CHH 在结构上较为保守，与其他甲壳动物同源性很高。
系统发育分析结果表明 Sp-CHH 能与甲壳动物短尾类聚为一束。采用实时定量
PCR 方法分析，结果显示 Sp-CHH 在眼柄神经节、脑、胸神经团、胃、肝胰腺、
心脏、肌肉 7 个组织中表达，在眼柄神经节内表达 高。检测眼柄神经节，发现
Sp-CHH 在不同蜕皮期的表达趋势与 Sp-MIH 相似，提示 CHH 也可能具有抑制 Y
器官分泌蜕皮激素的功能。对卵巢发育不同期眼柄神经节进行检测，发现Sp-CHH
在成熟之前表达量持续增长，提示卵巢发育需要高表达量 CHH 的参与。眼柄神
经节 Sp-CHH 原位杂交表明，Sp-CHH 主要分布在 X 器官中，杂交信号强，且主
要分布于神经分泌细胞的细胞质内，这与其他甲壳动物免疫组化的研究结果一
致。 

























X-organ sinus gland complex of the eyestalk is crustaceans neuroendocrine 
regulation and control center, mainly secretes four kinds of hormones: including 
mol-tinhibiting hormone (MIH), crustacean hyperglycemic hormone (CHH), gonad- 
inhibiting hormone (GIH) and mandibular organ-inhibiting hormone (MOIH). These 
hormones have similar primary structures, so they are termed crustacean 
hyperglycemic hormone (CHH) neuropeptide family. MIH belongs to CHH family 
Group II, inhibits the synthesis of ecdysteroids by Y-organs. MIH belongs to CHH 
family Group I, acts to increase hemolymphatic glucose, in relation to carbohydrate 
metabolism and osmoregulation. Scylla paramamosain is the important marine 
economic crab. In this research, We study the MIH and CHH gene of S. 
paramamosain by molecular methods, the main results are offered as follows: 
1) The full-length cDNA of Sp-MIH gene is 1226 bp. The open reading frame of 
342 bp encodes a 113 amino acid, a 35 residue signal peptide would be cleaved from 
MIH precursor protein, yielding a mature peptide of 78 residues. The Sp-MIH gene is 
composed of 2 introns and 3 exons. The homology analysis showed that Sp-MIH is 
very conservative in sequence, which share high homologies with other animals. 
Phylogenetic analysis showed that the Sp-MIH can gather in crustacean clusters. 
Quantitative real-time PCR showed that Sp-MIH transcripts were detected mainly in 
the eyestalk ganglia and brain. Sp-MIH transcripts in eyestalk were stage-specific 
changed, consistent with the hypothesis that MIH negatively regulates ecdysteroid 
production during the molt cycle. Sp-MIH transcripts in neural tissues (eyestalk 
ganglia and brain) increased from un-developed stage to developing stage and reached 
the peak value at the developing stage, then declined afterwards. It suggested that 
MIH might be involved in the ovarian maturation in the mud crab. 
2) This study received two isoforms of CHH (Sp-CHH1 and Sp-CHH2), The 
full-length cDNA of Sp-CHH1 gene is 1722 bp. The open reading frame of 426 bp 
encodes a 141 amino acid protein, a 27 residue signal peptide would be cleaved from 

















a mature peptide of 75 residues. The full-length cDNA of Sp-CHH2 gene is 1841 bp. 
The open reading frame of 420 bp encodes a 139 amino acid protein, a 27 residue 
signal peptide would be cleaved from a 37 residues CHH precursor-related peptide, 
putative dibasic processing site, yielding a mature peptide of 73 residues. Sp-CHH1 
and Sp-CHH2 have the same signal peptide and CHH precursor-related peptide, at 
41th amino acid residue of mature peptide appeared significant difference. The 
Sp-CHH gene is composed of 1 intron and 2 exons, and found a SSR. The homology 
analysis showed that Sp-CHH is very conservative in sequence, which share high 
homologies with other animals. Phylogenetic analysis showed that the Sp-CHH can 
gather in crustacean clusters. Quantitative real-time PCR showed that Sp-CHH 
transcripts were detected in the eyestalk ganglia, brain, thoracic ganglion, stomach, 
hepatopancreas, heart, muscle, and the highest expression in the eyestalk ganglia. 
Sp-CHH transcripts in eyestalk were stage-specific changed, consistent with the 
Sp-MIH, suggested that CHH may inhibits the synthesis of ecdysteroids by Y-organs. 
Sp-CHH transcripts in eyestalk ganglia increased persistently before mature, it 
suggested that ovarian development needs high expression quantity of CHH. Sp-CHH 
expression in situ hybridization in the eyestalk ganglion of S. paramamosain, 
indicated the Sp-CHH mRNA located in the perikarya of neuroendocrine cells 
belonging to the X-organ of the medulla terminalis. 
In this study, we have discussed the structure and function of MIH and CHH 
genes from the crustacean, S. paramamosain, which enrich the theoretical basis of 
endocrine physiology, and provide theoretical support for aquaculture technology of 
mud crab. It has the important theoretical significance and potential application value. 
 
Key words: Scylla paramamosain; MIH; CHH; molt; reproduction; quantitative 

















第一章 前 言 
1.1 甲壳动物的眼柄神经激素简介 
甲壳动物的生命活动接受内分泌系统的精确调控。眼柄神经节是甲壳动物重
要的神经中枢 (Fanjul-Moles, 2006)，结构由外向内分为视神经层 (Lamina 
ganglionaris, LG)、视外髓(Medulla externa, ME)、视内髓(Medulla interna, MI)和视
端髓(Medulla terminalis, MT)四个部分组成(图 1-1)。X 器官(X-organ)位于视端髓
的外缘，窦腺(Sinus gland)位于视内髓与视端髓交界处的背方，由窦腺壁与中央
血窦腔组成，窦腺壁由 X 器官神经分泌细胞轴突的末梢及神经胶质细胞交织而
成(黄辉洋等, 2005)。Hanstrom 于 1993 年首次发现眼柄中的 X 器官和窦腺是内分
泌器官，并将窦腺描绘成神经血窦器。窦腺不具分泌功能，是由神经内分泌细胞
轴突末梢膨大形成，起储藏和释放激素的功能。由 X 器官神经分泌细胞分泌的
激素经轴突神经束，运送至窦腺暂时储存，后进入血淋巴循环(Bliss and Welsh, 
1952; Fingerman, 1993)，二者称为甲壳动物眼柄神经节中的 X 器官-窦腺(XO-SG)
复合体，类似哺乳动物的下丘脑-神经垂体系统(De Kleijn and Van Herp, 1995; 
Fingerman, 1997)。XO-SG 复合体合成和分泌的多种神经多肽激素，调控多项重
要生理活动，如甲壳动物的蜕皮、性腺发育、色素反应、代谢、渗透压调节等(Cooke 






















髓 X 器官 
Fig. 1-1 The schematic diagram of the eyestalk ganglion of S. paramamosain 
(quoted from Huang et al., 2005) 
LG: Lamina ganglionaris, ME: Medulla externa, MI: Medulla interna, MT: Medulla 
terminalis, MTXO: Medulla terminalis X-organ 
 
甲壳动物的眼柄神经节神经激素可以分为两大类：促色素细胞激素
(Chromatophorotropins)和甲壳动物高血糖家族激素 (Crustacean hyperglycemic 
hormone, CHH)，后者包括蜕皮抑制激素(Molt-inhibiting hormone, MIH)、甲壳动
物高血糖激素 (Crustacean hyperglycemic hormone, CHH) 、性腺抑制激素
(Gonad-inhibiting hormone, GIH)和大颚器官抑制激素(Mandibular-organ inhibiting 
hormone, MOIH) (Van Herp, 1998; Webster, 1998)。CHH 家族神经肽主要由 X 器
官合成，并在窦腺中贮存和释放。CHH 家族神经肽可分为Ⅰ和Ⅱ两型，Ⅰ型包
括所有的 CHH，前体是由信号肽、CHH 前体相关肽(CHH precursor-related peptide, 
CPRP)和成熟肽所组成(Lacombe et al., 1999; Chan et al., 2003; Chen et al., 2005)；
Ⅱ型包括MIH、GIH和MOIH，前体只由信号肽和成熟肽组成(Umphrey et al., 1998; 
Yodmuang et al., 2004)。迄今只在甲壳动物中发现 CHH 家族，此类激素是一些热
稳定的肽类物质，在生化性质上有许多相似之处，如酸性等电点、疏水性、封闭
的 C-或 N-末端(blocked terminal)、链内二硫键等，由于 CHH 家族神经肽的成员
结构相似，具有功能多样性，所以甲壳动物生殖和发育是受多种神经激素和激素

























Fig. 1-2 neurosecretoy regulation of the eyestalk ganglion of crustacea (quoted 
from De klejin and Van Herp，1995) 
MIH: Molt inhibiting hormone, GIH: Gonad inhibiting hormone, CHH: Crustacean hyperglycemic 
hormone, MOIH: Mandibular organ inhibiting hormone, MF: Methyl farnesoate, real line means 




(蔡生力, 1998; 姚俊杰和赵云龙, 2006)。目前，主要有形态特征观察法(Freeman 
























程又有着明显的抑制作用(Lachaise et al., 1993)。因此，X器官-窦腺复合体分泌的



















MIH 与脊椎动物中的赖氨酸血管加压素的理化性质相似，靶器官是 Y 器官，
与 Y 器官分泌的蜕皮激素相互拮抗共同调节甲壳动物的蜕皮。除蜕皮前(蜕皮激
素释放)阶段外，MIH 都是通过抑制 Y 器官合成及分泌蜕皮激素，起到抑制蜕皮
的作用。在甲壳动物中，切除眼柄能够引起血淋巴中蜕皮激素浓度的升高，缩短
蜕皮周期，从而引起过早的蜕皮(Hopkins, 1982)，当注入眼柄内含物后，则蜕皮
激素降低，延长蜕皮周期(Bruce and Chang, 1984; Chang et al., 1987)。同样，体外
注射重组 MIH 蛋白的研究则显示，注射的重组蛋白能够抑制 Y 器官蜕皮激素的
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